This study investigates the reliability of using short-term averages of earnings as a proxy for permanent earnings in empirical research. An earnings dynamics model is estimated on a large sample of men covering the period from 1983 to 1997 following the cohort-based methodology of Baker and Solon (1999). The analysis uses a unique dataset that matches men in the 1984, 1990 and 1996 Surveys of Income and Program Participation (SIPP) to the Social Security Administartion's Summary Earnings Records (SER). The results confirm that using a short-term average of earnings can lead to spurious estimates of the effect of lifetime earnings on a particular outcome. In addition, the transitory variance appears to vary considerably over the lifecycle. The share of earnings variance due to transitory factors is higher among blacks and the persistence of transitory shocks appears to be greater for this group as well. Finally, the transitory variance appears to be a more important factor in explaining the overall earnings variance of college educated men than those without college.
I. Introduction
In recent years, numerous studies on a wide variety of topics have tried to incorporate measures of lifetime earnings or income into empirical economic research. Typically, researchers have used nationally representative longitudinal household survey data such as the Panel Study of Income Dynamics (PSID) and the National Longitudinal Survey (NLS) in order to calculate the earnings stream of individuals and families over time. Unfortunately, for many purposes, the longitudinal samples that can be constructed from these sources are relatively small, due in part to attrition. As a result, researchers have often been forced to rely on relatively short windows of time over which to measure lifetime economic status. This is particularly true in studies on intergenerational earnings mobility (e.g. Solon 1992; Zimmerman 1992; Mulligan 1997) , where acquiring meaningful data for family members in two generations is an important limitation.
Therefore, these studies have typically used only up to five years of data on fathers' earnings or income to proxy for lifetime earnings.
When researchers observe only a few years of an individual's lifetime earnings, exactly how good a reading does it provide of permanent economic status? While at first glance this might appear to be a somewhat narrow technical question, recent studies have found that the degree of the mis-measurement of lifetime earnings may have important ramifications on our understanding of long-term earnings dynamics and inequality. In the case of intergenerational earnings mobility, for example, due to the high persistence of transitory fluctuations in earnings, the bias from using even a five-year average of earnings may be quite substantial -in the order of 30 percent (Mazumder 2001 ). In addition, there is strong reason to suspect, based on both theory and empirical evidence that the variance in the transitory component of earnings changes considerably over the course of the lifecycle. Using an extraordinarily large database of Canadian taxpayers and a highly structured earnings dynamics model, Baker and Solon (1999) found that the transitory variance follows a U-shaped pattern over the lifecycle. This implies that the age at which fathers' earnings are measured may have a sizable effect on estimates of the intergenerational elasticity of earnings. Grawe (2000) , building on the findings of Jenkins (1987) has estimated that lifecycle bias in intergenerational mobility studies may be of the order of 25 percent or more. Age-related heteroscedasticity in earnings is obviously an important issue for many other areas of empirical economic research as well. For example, recent studies that have tried to identify the causal effect of family income on children's outcomes, typically have ignored the age at which parent income is measured (e.g. Cameron and Heckman 2001; Duncan and Brooks-Gunn 1997; Mayer 1997 and Blau 1999) .
Due to data limitations, however, a detailed empirical analysis of the variance of earnings comparable to Baker and Solon's work has not yet been attempted for the US. Such an analysis would provide greater insight into the nature and extent of bias in existing studies that use shortterm proxies for permanent earnings. In addition, other dimensions of earnings instability have largely not been explored. It would be useful, for example, to document whether there are important differences in earnings dynamics by race, sex, income or education.
1 Recent studies that have failed to uncover differences in intergenerational mobility by groups with differential access to credit, (e.g. Mulligan 1997 ) might not have properly accounted for differences in transitory variance among these groups. Other research has also found that there has been a sharp rise in the variance of transitory earnings in the US during the 1980s (Gottschalk and Moffitt 1994; Moffitt and Gottschalk 1995; Gittleman and Joyce 1996; Haider 1998) , and that this increase is an important factor in explaining growing inequality. It would obviously be important to know whether this trend has continued into the 1990s.
Following Baker and Solon, this study uses a new source of data that is able to identify a very rich model of earnings dynamics for the U.S. Specifically, the analysis uses the 1984, 1990 and 1996 Survey of Income and Program Participation (SIPP) matched to Social Security earnings records (SER). By pooling several SIPPs, a very large sample size is generated, allowing for a highly detailed analysis. The match to individuals' social security earnings histories, prevents attrition from dissipating the sample size. The methodology uses minimum distance techniques and a cohort-based estimation strategy that has not yet employed on U.S.
data. Among other things, the study documents the lifecycle patterns in the variance of earnings as well as recent trends in the decomposition of earnings inequality between its permanent and transitory components. In addition, differences in earnings dynamics among subgroups of the population are also explored. The results of this analysis are then used to gauge the degree of bias in studies that use short-term proxies in place of true permanent earnings.
The paper proceeds as follows: section II briefly describes the measurement issues involved in using short-term averages of earnings to proxy for permanent earnings in regression models. Section III discusses the data and methodology used in the analysis. Section IV presents the results and their implications. Section V concludes.
II. Measurement Issues
In many economic studies, permanent earnings is used as a right hand side variable in a regression either as a control or as an explanatory variable. The problem with using short-term averages of earnings as a proxy for permanent earnings can be easily understood in the following simplified framework.
(1)
Here y i is the dependent variable. In studies of intergenerational transmission of earnings this would be a measure of the child's earnings as an adult. x pi represents permanent earnings and has typically referred to fathers' earnings in intergenerational studies.
Of course, what is actually used in empirical work is not x pi , but instead a proxy based on averaging annual earnings, x it , over T number of years. As shown in (2), x it can be decomposed into a permanent component, x pi , a transitory component; w it , and a measurement error term, v it . In addition, w it , follows a first order autoregressive process with ρ representing the autocorrelation coefficient. If , x it is averaged over T years, the estimate of β derived from OLS will be biased down by an attenuation factor, λ t , as shown below in (4). Essentially, (4) demonstrates that as more years of data are used, the attenuation factor will rise and the attenuation bias will decline, since the transitory shocks and measurement errors are averaged away. On the other hand, the larger ρ is, the larger α will be, which will, to some extent, offset the benefits of averaging earnings. Using some estimates of the key parameters from previous earnings dynamics models, it can be shown that when using a five-year average of Baker and Solon found that without the selection rule of consecutive years of positive earnings, the variances would be considerably larger but that the year-to-year movements would be unaffected. Therefore, for the purpose of identifying trends and relative differences in variance parameters, this selection rule is probably not a problem.
On important advance compared to previous research on earnings dynamics in the US is the sample size. This study uses a total of 23837 men with an average of 1324 in each cohort.
This compares to samples of 2730 used by Gottschalk and Moffitt (1994) and 534 used by Baker (1997). It is also nearly three quarters the size of the working sample of 32,105 used by Baker and Solon.
The analysis in this paper estimates two sets of models. First, a fairly straightforward model of earnings dynamics is presented that allows estimation of a few parameters that would allow for a simple assessment of the bias from averaging earnings over a short span as was done in section II. At this point the estimation simply uses the empirical moments from the variancecovariance matrix of log earnings residuals for the entire sample following most of the earlier literature. The actual moments used for estimation are shown in Appendix Table A1 . Like most previous studies, the sample is also restricted to be a balanced panel. 7 In the second set of results a more complex model is estimated that tries to identify, among other things, lifecycle and time effects and exploits a cohort-based estimation strategy. In this latter case, the set of empirical moments from the variance-covariance matrix of each of the cohorts is stacked and used for estimation of the model. For the ten cohorts with earnings data for all 15 years, a total of 120 moments (15 × 16 ÷ 2) are calculated. For the other cohorts, obviously, fewer moments are available for the analysis although within each cohort, there is a balanced panel. In total, there are 1660 empirical moments that are used for estimation in the second set of results.
An advantage of using a revolving balanced panel design is that it largely removes the direct link between time and age so that both year and age effects can be separately identified.
There is still some aging of the panel over time, however, that is most pronounced during the early 1980s and late 1990s (see Table 2 ).
The methodology for the first approach follows previous studies (e.g. Abowd and Card 1989; Baker 1997) that first "demean" log earnings by using a regression that also adjusts for age, with a quartic function, and year effects, by using dummy variables. The resulting deviations of log earnings, y it , are then modeled as follows:
is identified by virtue of the fact that it is only contained in the variances not the covariances.
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This implies, for example, that the variance of earnings in 1990 is as follows:
One point that is immediately evident is that the transitory variance follows a recursive structure.
Following previous research, it is assumed that the initial variance, σ 2 ε1983 captures all accumulated shocks up to 1983, and that this variance will be common to all individuals in the sample. Using this simple framework, all 120 moments from the variance-covariance matrix of the entire working sample are calculated and then used to estimate the parameters of the model using equally weighted minimum distance (EWMD) -which is equivalent to nonlinear least squares. 9 This approach is then used to estimate the parameters separately for various subgroups of the population.
In the second part of the study, the earnings model closely follows Baker and Solon and borrows their notation. Instead of using a regression to calculate age-and year-adjusted deviations, a more general procedure is now used:
Let Y ibt represent the log earnings of individual i, in birth cohort b, in year t; µ bt be the cohortspecific mean for that year; and y ibt be the individual-specific deviation from that mean. Then y ibt can simply be calculated by subtracting the sample average log earnings for cohort b in year t from the observed earnings, Y ibt . The deviations from the mean are then modeled as follows:
Deviations in log earnings have both a permanent and transitory component. The expression in brackets shown in the right hand side of (8) The multiples of 15 in the expression arise from the fact that the cohort born in 1949 is 41 years old in 1990, and therefore has 15 years of experience since age 26. As in the first stage, the transitory variance has a recursive structure that must be traced back to the cohorts' initial entry into the sample.
12 11 In this formulation there is no term that corresponds to measurement error. This was omitted to maintain comparability with Baker and Solon.
12 Following Baker and Solon, the initial transitory variance for each cohort is separately estimated since it makes no sense to impose a common initial variance when the model is designed to differentiate life-cycle effects.
IV. Results
The results for the first stage analysis are shown in Table 3 . Here each row represents a different sample used for estimating the autocovariance of earnings. The first row utilizes the full sample and provides a set of baseline estimates. The estimate for σ 2 α , the fixed effect, is 0.2, which is similar to previous estimates found by Baker (1997) and Card (1994) . If the predicted values for the various parameters are used to decompose the cross-sectional variance of log earnings residuals over the fifteen year period into its permanent and transitory components, the implied permanent share of the cross-sectional variance is only 43 percent. This compares to 50 percent found by both Card (1994) and Hyslop (2001) using the PSID. The share of variance due to transitory earnings is 44 percent, similar to the estimated permanent share but sharply higher than the estimates of 30 percent in the aforementioned studies. In accordance with earlier results, however, ρ is estimated to be close to 0.8. The estimate of σ 2 ζ , representing measurement error, is 0.06 which implies that the share of variance due to this component is 13 percent -a figure   similar to what is found with survey data. 13 Incorporating these baseline estimates into the exercise discussed in Section II, confirms the notion that the use of short-term averages may lead to substantial underestimates of the effects of permanent earnings in regression models. For example, the parameter estimates suggest that a five-year average of earnings would lead to an attenuation factor of 0.56 -implying that coefficient estimates are biased down by more than 40 percent.
The other rows of Table 3 compare differences by subgroups of the population. The estimates for whites are virtually identical to that of the overall population while blacks have a higher share of transitory variance at nearly 50 percent. In addition, the estimates of ρ are also a bit higher for blacks at 0.81 compared to 0.78 for whites, a difference that is statistically significant. These parameters suggest that five-year averages of earnings for blacks may result in 13 See Bound and Krueger (1991) .
coefficient estimates that are biased down by more than 50 percent. One implication of this finding is that tests designed to uncover differences in parameter estimates by race may be biased away from finding differences.
One concern is that the selection criteria rule, by screening out those with very long spells of unemployment, effectively eliminates some of the racial differences in earnings dynamics that might otherwise be captured. To see what might happen if the selection rule was eased, the same model was also run allowing for some years of zero earnings. 14 The results of this exercise are shown in the last two rows of Table 3 . The overall variance in log earnings is about two and a half times larger using this less restrictive selection rule for both blacks and whites. As would be expected, the transitory share is now sharply higher, reaching nearly two thirds in the case of blacks. In addition, ρ is now estimated to be 0.83 for whites and 0.86 for blacks. Still, the difference in the transitory share of the overall earnings variance between blacks and whites is not appreciably different using this selection rule, suggesting that the requirement of positive earnings in all years may not be distorting the comparison.
The fourth and fifth rows of Table 3 compare differences by educational attainment.
Here the sample is split between those who have completed college and those who haven't. The overall variance of earnings is sharply lower among college educated men. However, those with college actually appear to have greater earnings instability, as the transitory share of the total variance is higher for college graduates. Gittleman and Joyce, in contrast, found that those at the lowest educational level have a higher share of transitory variance. 15 One potential explanation is that the analysis might conflate age effects with education level. In other words, older workers may have more earnings stability than younger workers due to their position in the lifecycle 14 Specifically, individuals with positive earnings in approximately two-thirds of the years that they match the age criteria are included. Since the analysis uses log earnings, zero earnings are recoded as $1000 or approximately 6.9 on the log scale. The results are not very sensitive to the imputation value chosen. 15 It should be noted that in their second set of results ( despite having less education. The model in the second stage analysis will be able to separate these effects.
One possible problem with this analysis is that it uses social security earnings data that is censored at the social security taxable maximum. This might be especially important given the fact that what is being estimated is the variance of earnings which may be more sensitive to changes in the tails of the distribution. One comforting fact, however, is that the rate of topcoding, has not changed very much over the period under examination, ranging from a low of 11.6 percent in 1983 to a high of 17.6 percent in 1997. 16 To try to gauge the sensitivity of the results to topcoding, another estimation was attempted that imputed censored observations with random draws from the upper tail of an estimated distribution. 17 The results for the full sample are shown in the last row of Table 3 . The only meaningful difference is that ρ is now estimated to be close to 0.85. The implied share of the permanent component is exactly the same as before while the share of earnings variance is now slightly higher than before.
The parameter estimates from the second part of the study are shown in It also slightly larger than the 0.13 in the baseline estimates reported by Baker and Solon for Canada. Unlike the findings from previous studies (Baker 1997, Haider 1998 and Baker and 16 It should be noted that the rising share of topcoded observation is due to the increasing age of the sample over time. The rate of topcoding for those aged 35-45 in each year actually falls from 22.9 percent in 1983 to 16.5 percent in 1997. 17 The procedure was to assume that the true distribution of log earnings was normally distributed. The mean of the truncated earnings distribution in each year along with the rate of topcoding was then used to infer the parameters of the complete distribution (see Greene, p.951). The complete distribution was then truncated from below at the censoring point and then used to randomly draw observations for the purpose of imputing censored observations. Solon, 1999) , there does not appear to be any significant heterogeneity in the growth rate component. Also the estimated covariance between the intercept and growth rate terms is positive. Conforming to previous research, however, there is a positive and significant random walk component. Still the economic significance of the parameter is not clear. For example, for fifty year olds in 1990, the estimated contributed of the random walk component to the cohorts' earnings variance is just 4.9%. The year specific loading factors on the permanent component appear to rise over time but not in a smooth manner. They surge in the early 1990s but begin to stabilize thereafter.
The transitory component is modeled as first order autogressive process with age-varying parameters and different initial variances for each cohort. The estimate for ρ is 0.67, which is
considerably smaller than what was estimated in the bare-boned first stage analysis but still suggests a significant degree of persistence in transitory shocks. The analogous estimate for ρ in Canada as found by Baker and Solon was just 0.54. The implied effects of this degree of persistence on short-term averages of earnings will be discussed below. There does not appear to be any pattern in the initial variances of each cohort. Given that the initial age at which each cohort is first observed (see Table 1 ) is monotonically declining, one might have expected a Ushaped pattern to be apparent in the initial variances given the findings of Baker and Solon.
One somewhat surprising result is that the year-specific weights on the transitory component, as reflected by the λ t 's, decline through the 1980s and then reverse course and sharply increase during the 1990s. While a higher transitory variance might be expected during the recession years of the early 1990s, it is clear that there has been a secular increase in earnings instability that has persisted through at least 1997.
One clear result is that the age parameters on the transitory variance do, indeed, imply a U-shaped pattern as shown in Figure 1 . This pattern supports the notion that regressions using short-term averages of earnings may highly be sensitive to the age-composition of the sample. between education groups appears to be more meaningful since the sample sizes are reasonably large for both groups. The fixed effect appears to be significantly higher for the no college group compared to those with a college education. The random walk term, in contrast, is much higher for the college sample. The loading factor on the permanent component has remained above 1 for the no college group since 1988 but has been below 1 for the college group. The transitory component appears to be more persistent for college graduates as the estimate for ρ is slightly higher for this sample. The initial variances for the cohorts are higher for the college group in two-thirds of the cases. The yearly loading factors on the transitory variance for the two groups also show distinct patterns. For college graduates the loading factor has remained above 1 for nearly the entire period with a more pronounced trend up in the 1990s. In contrast for the no college group, the loading factor had declined on average, through the 1980s, but has rebounded in the 1990s.
Taken together, these results appear to bolster the earlier finding that the permanent component accounts for a larger share of the earnings variance of non-college educated men than it does for college educated men. Figure 2 plots the share of earnings variance due to the permanent component for those aged 40 in each year by education group. Figure 2 makes it clear that the share of the earnings variance due to the permanent component was far higher for high- 18 Specifically some of the estimated initial variances were negative and the loading factors were extremely volatile. Of some interest is that ρ was estimated to be about 0.95 indicating substantial persistence.
school educated men from 1985 until 1992. Since that time, however, both education groups appear to have roughly similar shares of the permanent component. Put another way, rising earnings instability affected college educated workers far more than high school educated workers in the 1980s, but since the early 1990s it has become an equally important component of the overall earnings variance of both education groups.
The key motivation in estimating this model, however, was to answer the question of how reliable a measure of permanent earnings is a short-term average of earnings. In order to assess this empirically, the following exercise was performed. As before let x it , the earnings of individual i in period t, be decomposed into a permanent component a it and transitory component,
Essentially, (13) Table 5 . Clearly, looking across the rows, as averages are taken over progressively more years the attenuation bias declines as expected. This pattern is robust across all cohorts. The results here support the findings in Mazumder (2001) , however, that even a five-year average still results in an estimate that is biased down by about 30 percent.
21
What is quite important, however, is the age at which the average is taken. For example, in some cases, the attenuation coefficient from using a single year of earnings, is actually higher than it is when averages are taken over as many as five years. Given these results, it is clear that extraordinary care must be taken in interpreting results about parameters dealing with permanent earnings when only short periods are available for measurement. Clearly some corrections should be undertaken to appropriately adjust the sample composition or to reweight observations, however, such techniques are beyond the scope of this paper.
It is also important to note that there maybe many instances where researchers should not be concerned about the earnings stream over one's entire lifetime. For example, the dependent variable of interest may be a child's outcome that is related only to parent's income at the time of 20 For example, if a five-year average of earnings covering the years 1983-1987, 83 , 5 x , was used as a proxy for xp i the resulting attenuation factor, λ 5,83 is as follows: 22 In that case transitory fluctuations that occur at the time that parents are actively raising children may actually matter. If such fluctuations are highly persistent, then a short-term average may actually be preferable to a long-term average. The attenuation coefficients presented here, obviously should not be applied in those instances.
V. Conclusion
As researchers increasingly exploit longitudinal data to study the effects of income on various outcomes, it is essential that the pitfalls of using short-term proxies as a substitute for their permanent counterparts, are well understood. This study adds to our knowledge by using a new longitudinal data source that contains a large panel of years and a sizable sample to estimate a detailed earnings dynamics model. The results of this analysis bolster the findings of other studies that have found that the variance of the transitory component of earnings accounts for a large share of the overall observed variance in earnings. In addition, the variance in transitory earnings appears to follow a pronounced U-shaped pattern over the lifecycle as was found by
Baker and Solon (1999) and has risen considerably over time.
The estimates of the model suggest that a short-term average of earnings, when used as a substitute for permanent earnings in a regression model, can lead to serious bias. In particular, even a five year average of earnings can lead to a parameter estimate that is biased down by 30 percent. Of particular importance is the age over which earnings are averaged. In fact, earnings taken from just one or two years at the right stage of the lifecycle may yield less biased estimates than those stemming from a five or six-year average. Future research should pay careful attention to the age composition of the sample and try to develop methods to overcome this bias.
Attempts to uncover differences in earnings dynamics among subgroups of the population lead to some interesting results. The share of earnings variance due to transitory factors is higher among blacks and the persistence of transitory shocks appears to be greater for this group as well. This suggests that comparisons of the effect of income on outcomes by race may lead to failure to detect differences when in fact, such differences may well exist. A somewhat surprising result is that the transitory variance appears to be a more important factor in explaining the overall earnings variance of college educated men than those without college.
However, in recent years, both groups appear to be equally impacted by growing earnings instability. Note : Age refers to age of older members in 2-year birth cohorts Note: Earnings are measured in 1998 dollars deflated by using the CPI-U-X1 series. 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1983 0 
